This article proposes a new measure for inequality of subjective wellbeing and shows the empirical results using a Bayesian ordered probit model. We introduce a new concept called "regret" as a measure for inequality of subjective well-being. Regret is the probability with which a respondent who chooses an option in a multiple-choice question pertaining to subjective well-being does not choose any other option indicative of better well-being. Regret is estimated in connection with demographic factors using the Markov chain Monte Carlo (MCMC) method and data of the World Values Survey. Furthermore, the relationships between regret and GDP per capita and the changes therein are shown to investigate those between inequality of subjective well-being and economic conditions.
Introduction
There has been considerable research on happiness (see, e.g. Frank 1999 , Frey and Stutzer 2002 , and Layard 2005 . In particular, Frey and Stutzer (2002) conducted a detailed literature survey and carried out an empirical analysis on happiness. In the empirical analyses presented by Frey and Stutzer (2002, Chapter 3) and Blanchflower and Oswald (2004) , happiness is regarded as life satisfaction. For example, the research by Blanchflower and Oswald (2004) deals with the degree of happiness in the United States, while their empirical analyses deal with life satisfaction in the United Kingdom.
The comments of Becker and Rayo (2008) and Krueger (2008) on Stevenson and Wolfers (2008a) are useful in understanding the difference between happiness and utility. Stevenson and Wolfers (2008a) show a positive relationship between GDP and subjective well-being across countries. However, Becker and Rayo (2008) note that the differences between utility and happiness are paid scant attention to in Stevenson and Wolfers (2008a) and that happiness is not a measure of utility but a commodity like other commodities usually used in the utility function.
1 Krueger (2008) also makes a similar comment on the relationship between subjective well-being and utility. This article primarily aims to propose a new measure for subjective wellbeing and to show the empirical analyses using a Bayesian ordered probit model. In a questionnaire survey concerning subjective outcomes such as subjective well-being, options are often ordinally arranged. An ordered probit model can be used to statistically analyze the data on such ordinal options. Kalmijn and Veenhoven (2005) state the possibility such that "an egalitarian policy aimed at reducing differences in happiness would differ from a utilitarian policy aimed at producing a higher average level of happiness."
3 That is, a society with the lowest level of happiness for all individuals is equal but unhappy, whereas a society in which a few people have the lowest level of happiness and most have the highest level of happiness is a happier one. Thus, it is necessary to consider an index that identifies an individual's situation at each level of happiness, or each ordinal option.
Subsequent to Albert and Chib's (1993) seminal work, which utilizes latent variable representation, the Bayesian analysis using the Markov chain Monte Carlo (MCMC) method has become popular for the estimation of the ordered probit model. 4 One merit of the Bayesian analysis is that we can obtain the values of latent variables directly from the posterior results. 5 In this article, 1 See Becker and Rayo (2008, pp.88-89) .
2 "At best, subjective well-being captures a component of utility." See Krueger (2008, p.100) .
3 "The main reason for looking at inequality of happiness in nations is in the possibility that this may reveal differences across nations other than those observed for the level of happiness. If so, this would mean that an egalitarian policy aimed at reducing differences in happiness would differ from a utilitarian policy aimed at producing a higher average level of happiness. To check this possibility we need measures for the general happiness level of a nation or nations and for inequality of the same, which are mutually independent, at least ideally." (Kalmijn and Veenhoven 2005, p.359) 4 From the frequentist viewpoint, an ordered probit model can be estimated by using the maximum likelihood method. See, for example, Greene (2008, Chapter 23) .
5 Although the latent variables are unknown, their full conditional distributions (FCD) follow a truncated normal distribution. This makes the estimation of the ordered probit model very tractable in Bayesian analysis. See Albert and Chib (1993) .
using the probabilities associated with the values of the latent variables, we propose a new concept called "regret" to measure subjective well-being. Subjective well-being is often investigated using surveys that are responded to by choosing an option representing its degree. Regret is the probability with which a respondent who chooses an option in a multiple-choice question pertaining to subjective well-being does not choose any other option indicative of better well-being. Thus, it enables us to capture the degree of unhappiness of the respondents.
Further, how to measure inequality of happiness is a major research issue. Kalmijn and Veenhoven (2005) consider nine statistics of inequality of happiness and conclude that four measures, including the standard deviation and the mean absolute difference, are suitable statistics to measure inequality, but the other five measures, including the Gini coefficient and Theil's entropy measure, are not suitable for both theoretical and empirical reasons.
6 Stevenson and Wolfers (2008b) estimate the mean and variance of happiness with the ordered probit model using the data of the General Social Survey (GSS) and show that inequality of happiness has declined in the United States since the 1970s. They use the variance as a convenient measure of inequality of happiness and decompose it to "within-group" variance and "between-group" variance to analyze the influence of change in the average level of happiness.
7 In these previous studies, inequality of happiness is computed using numerical values to represent the rating of happiness, which are measured with ladder scale and verbal rating scale. They measure inequality of happiness using ordinal variables. Thus, differences of happiness between people are not measurable and ignored as pointed out in Kalmijn and Veenhoven (2005) .
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Regret is computed using a Bayesian ordered probit model in this article. It is possible to compute the individual regret and the average regret of a country.
It is also possible to analyze inequality of happiness using distributions of regret and some inequality measures of regret. Thus, regret can denote an index of subjective well-being of a country and be used for time-series and cross-national comparisons of subjective well-being. These are the advantages in regret.
The empirical analyses on subjective well-being across countries are conducted using the data of the World Values Survey (WVS). Regret is estimated in connection with the demographic factors. The relationships between regret and GDP per capita are shown to investigate those between subjective wellbeing and economic conditions. For some countries, regret and GDP per capita were found to change in the same direction, which means that their subjective well-being decreases despite economic growth, and vice versa.
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The article proceeds as follows. In Section 2, we describe the Bayesian ordered probit model and its estimation procedure by using the algorithm in Nandram and Chen (1996) and Chen and Dey (2000) . One merit of Bayesian analysis is that we can obtain the values of latent variables directly from the posterior results. In Section 3, using the values of latent variables, we propose a new inequality measure of subjective well-being. In Section 4, we present the posterior results for this measure using WVS data. Section 5 provides the concluding remarks.
Bayesian Ordered Probit Model
Let y i denote the ordinal discrete response of individual i for i = 1, · · · , n; that is, y i = c for c = 1, · · · , C. Further, let z i denote the latent variable of individual i such that
where γ c is a cutoff point of ordinal response. We specify that
where the condition γ 1 = 0 is required to establish the identifiability of the cutoff parameters. 10 The latent variable z i is assumed to be determined by the following linear model:
the linear model for the latent variables is rewritten as
Furthermore, following Nandram and Chen (1996) and Chen and Dey (2000) , we assume that γ C−1 = 1; this is in addition to γ 1 = 0. Chen and Dey (2000) propose the following transformation of cutoff points:
′ is unrestricted. The prior distributions are specified as follows:
where the prior distribution of γ, p(γ) = p(δ(γ)), is based on the transformation (3), and
Here, Gam(a 0 , b 0 ) denotes a gamma distribution with location parameter a 0 and scale parameter b 0 . The algorithm drawing the parameters in the ordered probit model is based on the algorithms of Nandram and Chen (1996) and Chen and Dey (2000) and is as follows.
Algorithm:
1. Sample β and σ 2 from their full conditional distributions (FCDs):
where "| · · · " denotes conditioning on the values of all other parameters and data.
If y
where 1 (·) is an indicator function. 
13 3 New Measure of Subjective Well-Being
As described in Section 1, Kalmijn and Veenhoven (2005) state the possibility such that "an egalitarian policy aimed at reducing differences in happiness would differ from a utilitarian policy aimed at producing a higher average level of happiness." That is, a society with y i = 1 for all individual i is equal but unhappy whereas a society in which a few people have y i = 1 and most have y i = C is a happier one. Thus, it is necessary to consider an index that identifies an individual's situation in each category c. In this section, we propose a new measure of subjective well-being. We calculate the following probability r (z i |γ c , y i ), which denotes the difference between 12 We can utilize the method proposed by Damien and Walker (2001) for sampling truncated normal variables.
13 The details of this sampling algorithm are provided in Appendix A.
the cutoff points γ c and z i :
where Φ(·) is a distribution function of the standard normal distribution. 14 We call r(z i |γ c , y i ) the regretted subjective well-being of individual i in category c. In the case of c = C, (5) becomes
Since u ∼ N(0, σ 2 I n ), the average value of r (z i |γ C , y i ) becomes 0.5.
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Analysis of Subjective Well-Being Using the WVS Data
Data and Bayesian Estimation of Probit Model
We use WVS data for the empirical analysis of subjective well-being. In WVS data, there are five waves of surveys on the perception of life, attitudes toward the environment, job aspects, economical situation, and so on, from 1981 to 2007. The data of income level and subjective well-being are chosen for our analysis from four waves of the surveys: wave 1 (1981) (1982) (1983) (1984) , wave 2 (1989-1993), wave 3 (1994-1998), and wave 4 (1999-2004) . Data of income and subjective well-being are used in the following probit model. WVS only provides household income band as income data. Therefore, following Layard et al. (2008 Layard et al. ( , p.1850 , we constructed the numerical values of income from the income bands.
16 Subjective well-being is investigated in WVS using multiple-choices questionnaires. There are four options: "very happy," "quite happy," "not very happy," and "not at all happy." In our study, integer values 1 to 4 are allocated to these options, with 4 denoting "very happy."
) , the posterior risk function can be written as
which is the regret function defined in (5) . For the Bayesian decision theory, see, for example, Press (2003, Chapter 11) . 15 One of the referees pointed this out. 16 Layard et al. (2008 16 Layard et al. ( , p.1850 constructed the income data as follows: "In the cross-section surveys only income bands are available, and these we converted into numerical values using the midpoint of each band. For respondents in the lowest income band we assumed an income of two thirds of the upper limit of the band, and for respondents in the highest income band we assumed an income of 1.5 of the lower income limit of the band."
The probit model for happiness is as follows:
where income is the logarithm of total household income; married, male, and work are dummy variables that indicate marital status, gender, and labor force participation, respectively; and age denotes the respondent's age. The MCMC simulation was run for 20,000 iterations and the first 5,000 samples were discarded as the burn-in period. The posterior results obtained thereafter were generated using Ox version 5.10 (Doornik, 2007) . We set the prior distributions as follows:
The posterior results of 22 countries are available in both waves 2 and 4; these are listed in Table 1 . We also include the countries used in Deaton (2008) and Easterlin (2009) , since the WVS data they use overlap the data we use. Deaton (2008) uses the WVS data for 1996 and Easterlin (2009) uses the data for the period from the end of the 1980s to the end of the 1990s.
17
The following two points are observed from the posterior results of the countries given in Table 1 on the estimated coefficients of explanatory variables.
18
Among the explanatory variables, the 95% credible intervals of married (β 3 ) include the least number of zeros and are followed by those of income (β 2 ) and age (β 6 ). Most posterior means of married and income are positive and those of age are negative. Therefore, marital status and income have a positive effect on the degree of subjective well-being, while aging has a negative effect on it. In contrast, most credible intervals of work (β 5 ) include zero.
Regret and GDP Per Capita
We obtained the posterior means of regretted subjective well-being of the individual respondents measured by (5) from the posterior results. We use these posterior means of the individual regretted subjective well-being in the following analyses and simply call it "regret." Figures 1 and 2 show the relationships between regret and GDP per capita in waves 2 and 4, respectively. The regret and GDP per capita are available for 26 and 44 countries in waves 2 and 4 respectively; these are listed in Table 2 . In the figures, we use the data of GDP per capita in 1990 International Geary-Khamis dollars, whose source is Statistics on World Population, GDP and Per Capita GDP, 1-2006 AD by Maddison, A. 19 Figures of waves 1 and 3 are not shown since the number of countries is not sufficient in these waves. There are eight countries in wave 1 and eleven in wave 3. In these figures, regret1 to regret4 denote the regretted subjective 17 See Deaton (2008, p.57) and Easterlin (2009, p.143) . 18 We estimated (6) by using maximum likelihood estimation, but we obtained results similar to those obtained by using the Bayesian method. Further, we estimated an ordered probit model that includes variables on education in consideration of the impact of omitted variables. However, we also obtained similar results on regrets. All the posterior results of the probit models for the countries are available upon request.
19 See http://www.ggdc.net/maddison/.
well-being for categories c = 1 to c = 4, respectively. The graphs in Figure  1 show the relationships between regret1 to regret4 and GDP per capita in wave 2. In the graphs, the perpendicular lines passing through the dots indicate "the sample mean ± the sample standard deviation" of the individual posterior regretted subjective well-being. The sample mean and the sample standard deviation of the individual posterior regretted subjective well-being are defined as follows: for c = 1, · · · , 4,
where r post (z i |γ c , y i ) denotes the posterior mean of the regretted subjective well-being of individual i. The dotted lines represent the fitted lines between regret and GDP per capita. From Figure 1 , the following observations can be made.
• The fitted lines are downward sloping in the graphs of regret2 and regret3. This means that the higher the GDP per capita, the lower the regret. It is difficult to observe the relationships between regret and GDP per capita in the graphs of regret1 and regret4 because the regret of every country is approximately zero in regret1 and 0.5 in regret4.
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• In the graph of regret2, the regret of countries with lower GDP per capita -India (IND), South Africa (ZAF), Brazil (BRZ), and Turkey (TRK) -is below the fitted line, while that of the former communist countries -Russia (RUS), Lithuania (LTU), Latvia (LVA), Estonia (EST), and Slovakia (SVK) -which have a higher GDP per capita above the fitted line.
• In the graph of regret3, a similar pattern is observed more clearly. The regret of India, South Africa, Brazil, Mexico (MEX), Turkey, and Chile (CHL) is below the fitted line, while that of the former communist countries like Hungary (HUN), Czech Republic (CZE), and ex-Soviet republics is above the fitted line.
• In the graphs of regret2 and regret3, among the countries with high GDP per capita, the regret of Ireland (IRL), Belgium (BEL), and Netherlands (NLD) is below the fitted line. 20 We estimate fitted lines in Figures 1 and 2 by OLS, where regret is an explained variable and per-capita GDP is an explanatory variable. The following table shows the results concerning the explanatory variable and the adjusted coefficient of determination. Figure 2 shows similar graphs of wave 4. From Figure 2 , the following observations can be made.
• The fitted lines in the graphs of regret2 and regret3 are also downward sloping.
• In these graphs, it is less clearer that the regret of countries whose GDP per capita is low is below the fitted line. However, the regret of former communist countries such as Russia, Bulgaria (BGR), Moldova (MDA), Albania (ALB), Latvia, and Estonia is above the fitted line, as in wave 2.
• In the graph of regret3, the regret of Lithuania, Croatia (HRV), Slovakia, Czech Republic, and Slovenia (SVA) along with that of former communist countries mentioned in the figure of regret2 is above the fitted line.
• The regret of Latin American countries such as Mexico, Venezuela (VEN), Argentina (ARG), and Chile is below the fitted line in the graphs of regret2 and regret3 and the same is true for Peru (PER) in the graphs of regret3. Therefore, all Latin American countries in the graph of regret3 appear below the fitted line.
As observed in Figures 1 and 2 , the sample means of the regret of former communist countries are higher than the values on the fitted line for their GDP per capita. In contrast, the regret of Latin American countries is lower than the values on the fitted line for their GDP per capita. In the study on the relationship between GDP per capita and life satisfaction using WVS data by Deaton (2008) , among countries with low GDP per capita, the degrees of life satisfaction of Eastern European countries and ex-Soviet republics are low, while those of countries like Mexico and Brazil are high, as in our findings. Figure 3 shows the changes in the relationship between regret and GDP per capita from waves 2 to 4. The figure illustrates 22 countries for which data of both waves 2 and 4 can be used. The origin of an arrow indicates regret and GDP per capita in wave 2, and its endpoint indicates the same in wave 4. The names of countries are not denoted in the graphs of regret1 and regret4 because the change in the regret of most countries is too small. Table 3 complements Figure 3 and shows the ratio of the rate of change of regret to that of GDP per capita from waves 2 to 4. The values in the table represent the direction and magnitude of the change of regret.
Change in the relation between regret and GDP per capita
The countries cannot be commonly grouped through all figures, but it is possible to do so according to the graph of regret3. Each group has the following characteristics. GDP per capita in the countries of groups A and B is lower than that in the countries of groups C and D. The regret of group A countries is lower than that of group B countries. The regret of group D countries is lower than that of group C countries. These are summarized as follows. Group A consists of countries with lower GDP per capita and lower regret; group B consists of countries with lower GDP per capita and higher regret; group C consists of countries with higher GDP per capita and higher regret; and group D consists of countries with higher GDP per capita and lower regret.
The following findings can be pointed out from the figures of regret2 and regret3 wherein the changes are perceptible.
• The regret of most group A countries, like Mexico and South Africa, changes significantly as compared to the changes in the GDP per capita. This is especially distinguished in the graph of regret3. It seems plausible that regret decreases when GDP per capita increases. The case of Turkey in the graph of regret2 does not follow the expected results. As Turkey's GDP per capita increases, its regret2 increases, although it is obvious from Table 3 that regret2 and regret3 of most countries decrease.
• In the former communist countries that comprise group B, GDP per capita of four countries, the Baltic states of Estonia, Latvia, and Lithuania, and Russia, decreases from waves 2 to 4 according to the graph of regret2.
In spite of the decrease in GDP per capita, regret2 of Estonia, Latvia, and Lithuania decreases. In particular, a large decrease in regret2 is seen in Lithuania. Table 3 also shows that the ratio of the rate of change of regret2 to that of GDP per capita of Estonia is remarkably high, but that of Latvia is small. Of this group, the direction of the changes of regret3 and GDP per capita is the same as that of regret2 in all countries, and the ratio of the rate of change of regret3 to that of GDP per capita is smaller than that of regret2 in most countries.
• In the group C countries whose regret is relatively high among the developed countries, regret3 changes more than regret2 does. The change of regret3 in Japan and Portugal is larger than that in Germany and Italy, when GDP per capita increases. However, regret2 of Germany and Italy and regret3 of Spain increases with GDP per capita.
• The regret of group D countries does not change much. However, it is observed that the increase in regret2 of Austria and Belgium and in regret3 of Ireland, Belgium, Netherlands, and the United States are accompanied by an increase in GDP per capita.
According to Easterlin (2009) , life satisfaction and real GDP in the Baltic states decreased between 1990 and 1999. 22 In the same period, regret2 and regret3 decreased in our study. It seems that this results in greater subjective well-being in these countries. Therefore, our findings on the Baltic states are different from those in Easterlin (2009) , although the problems on comparability remain because the life satisfaction in his article does not always correspond with regret in our study.
Change in the distribution
We rank countries in order of Gini coefficient computed using regret. Regret denotes the probability with which a respondent who chooses an option in a multiple-choice question pertaining to subjective well-being does not choose any other option indicative of better well-being. Thus, the distribution of the probability in a country that has relatively high Gini coefficient is more biased than that in other countries. This means that the Gini coefficient using regret can play the role of an index for comparing inequality of subjective well-being. Tables 4a and 4b show the results of the countries in Figure 3 . They are separated into four groups in 4.2.1. The parenthetic group name from A to D is attached after the country name in both tables. Overall, the tables provide the following findings.
The Gini coefficients of group A countries are low for regret1. They increase as number of the regret increases from regret1 to regret4. In contrast, the Gini coefficients of group C countries are high for regret1. They decrease as the number of regret increases. These two patterns are observed more clearly in wave 2 than in wave 4. The Gini coefficients of Group B countries are low and those of Group D countries are high for regret1, regret2 and regret3. 
Concluding Remarks
In this article, we estimated the ordered probit model for well-being function by using the Bayesian method and proposed a new inequality measure represented as regret for subjective well-being. We used WVS data for the estimation. Regret enables us to investigate the state of the subjective well-being of the respondents who choose a certain option in a multiple-choice questionnaire survey like WVS. Using regret, we can analyze subjective well-being by measuring the unhappiness with which an individual is unable to attain more happiness. Our method offers a way to analyze subjective well-being in more detail than earlier models do.
The main findings of this article are as follows.
• Being married and having a higher income have a positive effect on subjective well-being. The effect of aging is negative.
• The higher a country's per-capita GDP is, the lower the regret across countries at a point in time becomes. This indicates that the relationship between regret and per-capita GDP is negative across countries. This finding is observed especially for regret 2 and regret 3 in Figures 1 and  2 . However, within countries across time, there are some countries whose regret changes in the same direction as their per-capita GDP change in Figure 3 .
• The regret of former communist countries is higher than the values on the fitted line for their GDP per capita. The regret of Latin American countries is lower than the values on the fitted line for their GDP per capita in Figures 1 and 2 .
• In the Baltic states, regret2 and regret3 decrease with a decrease in the GDP per capita. Such changes where regret2 and regret3 move with GDP per capita in the same direction are also observed in some other countries in Figure 3 .
• According to the Gini coefficients computed using regret, those of group A countries are low for regret1. They increase as number of the regret increases from regret1 to regret4. In contrast, the opposite is observed for group C countries.
Appendix
A Sampling Algorithm for γ
The FCD of γ is
.
Since the Jacobian of the transformation of γ to ζ is
We use the following Metropolis-Hastings (M-H) algorithm for generating ζ. We use a multivariate t distribution, Mt(δ|δ,Σ δ , ν), as a proposal distribution for generating δ, whereδ is the mode of p(δ| · · · ), 4. Generate u ∼ U(0, 1), the uniform distribution on (0, 1), and take 
